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This study was carried out to analyze the difference in ﬁsh fauna, ecological indicator characteristics,
biological status of other ﬁsh populations, and ﬁsh community structures between two groups of
reservoir ecosystems along with the invasion of an introduced species, Micropterus salmoides. Six res-
ervoirs were selected and divided into two groups: reservoirs noninvaded and invaded by M. salmoides
were RNIv and RIv, respectively. A total of 11,519 individuals of 28 species were sampled in RNIv, whereas
1925 individuals of 19 species were sampled in RIv. Korean endemic ﬁsh population dominates in RNIv,
exotic ﬁsh species, especially M. salmoides, dominate in RIv. Sensitive species dominate in RNIv, whereas
tolerant species and carnivore species dominate in RIv. The analysis of total length size distribution
showed some difference, particularly in species size group between RNIv and RIv. Also, the analysis of total
ﬁsh biomass showed a signiﬁcant difference in accordance with M. salmoides inhabitation. According to
the ﬁsh community analysis results, as M. salmoides proportion increased, species richness and diversity
decreased. Overall data suggest that the dominant distribution of M. salmoides may inﬂuence simpliﬁ-
cation of the ﬁsh fauna, species composition, as well as community structure, and affect the length
distribution and biomass of other ﬁsh population negatively.
Copyright  2016, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Intensive agricultural activities and industrial pollutions result
in physical habitat disturbances and chemical contaminations of
the water columns, which in turn result in modiﬁcations of the
material cycling and energy ﬂow (Macan 1974; Krenkel et al 1979;
Rada and Wright 1979). Disturbances or pollutions of lakes and
reservoirs involve many chemical, physical, and seasonal factors.
One of these factors involves the phenomenon of eutrophication of
water bodies owing to the accumulation of nutrients such as ni-
trogen (N) and phosphorous (P) ﬂowing from domestic sewage,
livestock waste, cropland, etc. The next factor is toxic pollution
caused by leakage of organic compounds from industrial waste-
water (Rask et al 2010). Another factor is the destruction of the
aquatic habitat and change of hydrological characteristics caused
byman-made structures, such as bridges and upstream dams (Kent: þ82 42 822 9690.
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.et al 2002). Still another factor is the physical/seasonal climate
change caused by global warming that disturbs the ﬂuidity of water,
and lastly the disturbance and destruction of food chains owing to
the introduction of nonnative biological predators (Biological pre-
dation). Four factors for disturbance and pollution of the lake
ecosystem mentioned above are frequently reported, but studies
about community structure and structural changes of the tropic
ecosystem owing to the introduction of nonnative species are very
few. Today, in particular, the introduction of largemouth bass
(Micropterus salmoides) in Korea has spread the disturbance in the
food chain of the lake and signiﬁcantly impacted the ecosystem,
reducing its species diversity, thereby creating an urgent situation
and the necessity to take subsequent measures.
The largest biological disturbance on the structures and func-
tions of lake ecosystems (Moyle 1999) are frequently associated
with the effect of predation by top predators (topedown effect). In
the lentic ecosystem, the top-carnivore ﬁsh affects the entire
structures of the food chain and food web (Strong 1992; Polis and
Strong 1996; Polis 1999). In particular, if a top-level predator is
introduced, the system’s structural modiﬁcations are accompanied
by functional changes in the ecosystem and involved with changes(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
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Moyle and Light 1996; Whittier and Kincaid 1999; Rahel 2002). In a
closed ecosystem (lake, reservoir), the species with similar
ecological niche do not exist with the introduced predator, so
competitions between the two species inﬂuence successful
breeding (Hong and Son 2003; Lee et al 2008) and signiﬁcantly
disrupt the food chain (Keast and Webb 1966; Zaret and Paine
1973; Carpenter and Kitchell 1993; Whittier and Kincaid 1999),
and thus decrease biodiversity (Azuma 1992). Recently, a research
by Maezono et al (2005) proposed that the predation pressure of
largemouth bass on native biological communities has the greatest
effect on species diversity and that about 50 countries are already
experiencing problems because of the dominance of exotic species
(e.g. M. salmoides) (Welcomme 1992).
In Korea and Japan, the introduction of the nonnative species
(i.e. M. salmoides) to streams and lakes resulted in decreases of
endemic species and species diversity. The Japanese Environmental
Agency introducedM. salmoides (from the United States) in 1925, a
move that eventually reduced the number of native ﬁsh species and
the number of individuals, subsequently producing serious adverse
effects on whole ecosystems (Terashima 1980; Azuma 1992; NFIFC
1992).
M. salmoides is a popular, commonly sought sport ﬁsh
throughout North America. Terashima (1980) analyzed the impact
of largemouth bass on the diversity of native species through bio-
manipulation at reservoirs. To expand food resources and ﬁsh
stocks, our country also introduced and discharged newly hatched
M. salmoides from Louisiana, USA, in 1970 through the National
Fisheries Research and Development Agency (NFRDI 2001), which
spread to major national rivers, dams, and reservoirsdeventually
becoming the top predator in the ecosystem, being reported to
cause disturbances and changes in the aquatic ecosystem.
M. salmoides causes serious impacts on native ecosystems, and for
this effect, it is designated as one of the “World 100most malignant
invasive alien species” (ISSG 1999) by the International Union for
the Conservation of Nature and Natural Resources. As a result, since
1998 the Korean Ministry of Environment has designated and
managed M. salmoides as a wild animal that disturbs ecosystems;
however, more effective and systematic management measures are
urgently needed.
Food resources of largemouth bass not only constitute other ﬁsh
but also include amphibians, crustaceans, and aquatic insects.
Because of such strong predation pressure in aquatic ecosystems
and absence of natural enemies, the introduction of M. salmoides
has rapidly shattered the structures and functions of the ecosystem,
causing national-level destructions of lentic ecosystems in the
majority of the country’s lakes and streams, in high density (Lee
et al 2009). These characteristics show the presence of
M. salmoides as a top predator, effectively wreaking havoc on the
food chain in aquatic ecosystems, disturbing the tropic structure,
and ultimately reducing species diversity and causing serious
concerns. The gape size of aM. salmoidesmatches the size of a prey,
and North America, Europe, and Japan released not only a study
(Magnhagen and Heibo 2001; 2004) about prey vulnerability
through the relationship between the size of the predator mouth
and the prey body depth, but also full-length studies on compari-
son between the presence or absence of predators on ﬁsh faunas,
comparison of relative distribution of ﬁsh prey length, etc.
(Maezono and Miyashita 2003; Yonekura et al 2004; Maezono et al
2005), whereas other kinds of studies were almost nil or insufﬁ-
cient nationally.
In this study, three reservoirs whereM. salmoides predominated
the community as the top predator, and three reservoirs where
largemouth bass was not present were surveyed in 2008e2012.
First, we analyzed the characteristics of ﬁsh species compositionand community structure. Second, we analyzed the different
ecological indicators characteristics between two lakes. Third, we
analyzed the distribution of M. salmoides and other ﬁsh, and ac-
cording to the presence ofM. salmoides, and then a comparisonwas
made of the changes in the biomass and community structure.Materials and methods
Sampling periods and sites
Fish sampling and chemical analysis were conducted in 30
reservoirs during 2008e2012. By taking into consideration the size
and trophic state of those reservoirs, six candidate reservoirs were
selected for the study. Three reservoirs were noninvaded systems
(RNIv) and another three reservoirs were invaded systems (RIv) (by
M. salmoides). For the sampling of the ﬁsh, with the exception of the
monsoon season (JulyeAugust), ﬁsh from the different reservoirs
were sampled twice during the stable seasons (premonsoon sea-
son, MayeJune; postmonsoon season, SeptembereOctober). The
survey was conducted taking into consideration the longitudinal
gradient, and ﬁsh surveys were conducted after selecting one of the
three easily accessible near-littoral zones of the selected study sites
(US EPA 1998). A detailed survey of reservoir locations is described
in the following discussion (Figure 1).Sampling gears and sampling methods
Fish assemblages were sampled with overnight sets of fyke nets
(FN), gill nets (GN), trammel nets (TN) and minnow traps (MT), and
casting nets (CN) and kick nets (KN); sampling was conducted in
the daytime in littoral zones of the reservoirs. A standardized level
of effort, as a logarithmic function of reservoir size, ranged from one
to three sets of each passive gear and three to nine sets of each
active gear sites (Baker et al 1997; US EPA 1998). The sampling
objective was to collect a representative sample of the ﬁsh
assemblage at each reservoir, without regard to any particular
species, or concentrated sampling of species-rich habitats.
All types of habitats such as littoral, sublittoral, and limnetic
zones were included for the ﬁsh sampling. The sampling gears such
as TN (50 m long and 1.0 m high, mesh size 12  12 mm), GN (50 m
long and 2m high, mesh size 45 45mm), FN (20m long and 2.4m
high, mesh size: 5  5 mm), CN (mesh size: 7  7 mm), KN (mesh
size: 4  4 mm), and MT (0.6 m long and 0.3 m high, 4 mm mesh
size) were used in the open water at different depths, in the pro-
fundal and littoral zones. A CN and a KN were used in nearshore as
well as offshore waters of reservoirs. FN, GN, TN, and MT were
deployed along the shoreline using a small boat. We sampled at the
littoral zonewith at awater depth of 0.5e1 depth using CN (38.5m2
capturing area) and KN (1.6 m2 capturing area). CNwasmainly used
at the open water around the littoral area and KN was used at the
shallow region with hydrophytes and water weeds. At each sam-
pling location, sampling distance was 200m and the sampling time
elapsed was 60 minutes according to the quantitative sampling
method (Barbour et al 1999); this was used for the sampling of
CPUE (catch per unit efforts). CN was used in open waters, and KN
was used in shallow regions. All specimens were preserved in 10%
formalin and returned to the laboratory for identiﬁcation (Kim and
Park, 2002). The external characteristics of individual ﬁsh were
examined for deformities (D), erosions (E; skin, barbells), lesions (L;
open sores, ulcerations), and tumors (T) in the laboratory (Sanders
et al 1999). The ﬁsh collected in each of the lakes were quickly
identiﬁed, classiﬁed, and counted to be discharged right after the
measurement of their total length (TL) and total weight (TW). Fish
were identiﬁed to species and counted.
Figure 1. Map showing the study sites. The reservoirs invaded by largemouth bass (RIv) are reservoirs of BgR (Byeokgye Reservoir), GpR (Geumpung Reservoir), YgR (Yeongu
Reservoir), whereas the noninvaded reservoirs (RNIv) are YdR (Yeongdeok Reservoir), GcR (Gucheon Reservoir), and MsR (Masan Reservoir).
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Classiﬁcations of ﬁsh trophic guilds and tolerance guilds fol-
lowed the approach of the US EPA (1993) and Barbour et al (1999).
Analysis of region-speciﬁc endemic species was based on previous
classiﬁcations (An et al 2001). In this study, tolerance guilds were
classiﬁed as sensitive species (SS), intermediate species (IS), and
tolerant species (TS), whereas trophic guilds were divided into four
categories: insectivores (I), omnivores (O), carnivores (C), and
herbivores (H). This approach is based on the principle that
increased numbers of species and individuals in the ﬁrst two cat-
egories indicate better ecosystem health, whereas an increase in
omnivores indicates a degradation of ecosystem health (US EPA
1993). Habitat characteristics (water-column species and benthic
species) of ﬁsh species collected were identiﬁed according to the
methods of species identiﬁcation (Kim and Park 2002; Lee and No,
2006).Fish community analysis
In this study, in order to conduct a comparative analysis of ﬁsh
community characteristics according to dam constructions, variouscommunity indexes, such as species richness index (d; Margalef
1958), diversity index (H0; Shannon and Weaver 1949), evenness
index (J0l; Pielou 1975), and dominance index (l; Simpson 1949)
were used for ﬁsh community analysis.
Species richness index
d ¼ S 1
log N
ðMargalef 1958Þ
Species diversity index
H0 ¼ 
X
Pi ln PiðShannon and Weaver 1949Þ
Evenness index
J0 ¼ H
’
log S
ðPielou 1975Þ
Dominance index
l ¼
P
niðni  1Þ
NðN  1Þ ðSimpson 1949Þ
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Inﬂuence of M. salmoides on species composition
During 2008e2012, three reservoirs with noM. salmoides (RNIv)
had less ﬁsh species and number of individuals compared to res-
ervoirs with M. salmoides (RIv); for example, Yongdeok Reservoir
(YdR) had nine species, Goocheon Reservoir (GcR) had 16 species,
and Masan Reservoir (MsR) had 15 species. Meanwhile, Byekgae
Reservoir (BgR) had three species, Gumpung Reservoir (GpR) had 11
species, Yeungoo Reservoir (YgR) had 13 species. In this study, it was
taken into consideration that the six selected reservoirs may pre-
sent some differences in size, trophic status, and chemical water
pollution, but it is suggested that comparison/analysis of commu-
nity order according to the presence or absence of M. salmoides is
possible. Whereas 11,519 ﬁsh belonging to 25 species were
observed at RNIv, for RIv 1925 ﬁsh from 19 species were recorded,
suggesting that the presence of a top carnivore such asM. salmoides
affected the ﬁsh community structure by reducing the total number
of species and individuals on the reservoirs (Table 1, Figure 2).
Meanwhile, at RIv (based on collected ﬁsh data), when excluding
M. salmoides the result shows that the smallest amount and num-
ber of species are from BgR, with only 19 ﬁsh from two species,
followed by GpR, with 275 ﬁsh from 10 species, and YgR with 415Table 1. Comparisons of ﬁsh fauna and ecological indicators between the noninvaded re
Species Name Ecological indicators RNIv
To Tr Ha YdR GcR
Cyprinus carpio TS O 8
Carassius auratus TS O 38 95
Carassius cuvieriy TS O
Rhodeus ocellatus IS O
Rhodeus uyekii* IS O 1
Acanthorhodeus macropterus IS O
Acanthorhodeus gracilis* IS O
Pseudorasbora parva TS O Wc 113
Squalidus gracilis majimae* SS I Wc
Pungtungia herzi IS I 8 18
Microphysogobio yaluensis* IS O Bn
Rhynchocypris oxycephalus SS I
Rhynchocypris steindachneri SS I 15
Zacco koreanus* SS I Wc 2219 928
Zacco platypus TS O Wc 424 18
Hemiculter eigenmanni* TS O Wc
Lefua costata IS I Bn
Misgurnus anguillicaudatus TS O Bn 2
Misgurnus mizolepis TS O Bn 1
Iksookimia longicorpa* IS I Bn 2
Iksookimia yongdokensis* IS I Bn 34
Pseudobagrus fulvidraco TS I
Silurus asotus TS C 8
Hypomesus nipponensis IS I 14 3
Oryzias sinensis TS O
Siniperca scherzeri SS C 1
Coreoperca herzi* SS C 28
Lepomis macrochirusy TS I
Micropterus salmoidesy TS C
Odontobutis platycephala* SS C Bn 3
Odontobutis interrupta* IS C
Rhinogobius giurinus TS O Bn
Rhinogobius brunneus IS I Bn 56
Tridentiger obscurus TS Bn 21
Tridentiger brevispinis IS I Bn 58
Channa argus TS C
Total number of species 9 16
Total number of individuals 2755 136
BgR, Byeokgye Reservoir; GcR, Gucheon Reservoir; GpR, Geumpung Reservoir; MsR, Masan
Ha, habitat guilds; IS, intermediate species; SS, Sensitive species; To, tolerance guilds; Tr, tr
species; Wc, water-column species.
* Endemic species.
y Exotic species.ﬁsh from 12 species, with a respective proportion ofM. salmoides of
67.2%, 76.9%, and 38.4%, showing a tendency of high percentage of
M. salmoides distribution in RIv (Figure 2). According to the previous
report (Jeon 1980; Choi et al 2000), endemic species could tend to
be suddenly decreased because of habitat destruction. At RNIv,
where M. salmoides is not present, the average rate of endemic
species is 61%, whereas at RIv, where M. salmoides is present a low
rate, only 9% was observeddindicating a substantial difference
between the two.
The introduction of exotic ﬁsh species has the potential to act as
an additional forcing factor on Korean ﬁsh assemblages. In partic-
ular, the top carnivore, largemouth bass M. salmoides, which is
native to North America (Heidinger 1975; Hodgson et al 1993), is a
species that has been introduced widely outside its natural range
(Welcomme 1992) and is showing signs of spreading invasively
through South Korean aquatic systems (Jang 2002).
In summary, 33 native and three exotic ﬁsh species
(M. salmoides, Lepomis macrochirus, Carassius cuvieri) were
captured in this study (Table 1). Among them, from the sampling
surveys of six reservoirs, M. salmoides was collected from three
reservoirs (BgR, GpR, YgR, 39e918 individuals) and noninvaded
reservoirs from three reservoirs (YdR, GcR, MsR). Higher relative
abundances of Korean endemic species (three species; Zacco kore-
anus, Hemiculter eigenmanni, Rhodeus uyekii) and four speciesservoirs (RNIv) and invaded reservoirs (RIv) by largemouth bass.
RIv
MsR Total BgR GpR YgR Total
17 25 1 4 5
453 586 27 27
667 667 1 14 15
302 302
17 18
45 45
1 1
2239 2352 10 10
4 4
26
1 1
2 2
15
3147
1337 1779 158 158
2117 2117 80 80
1 1
2 9 2 11
1 1 8 9
2
34
47 47
8
120 137
32 32
1
28
219 219
39 918 259 1216
3 1 1
5 5
22 22
23 79 18 97 2 117
21
58
5 5 3 3
15 28 3 11 13 19
1 7403 11,519 58 1193 674 1925
Reservoir; RIv, invaded reservoirs; YdR, Yeongdeok Reservoir; YgR, Yeongu Reservoir.
ophic guilds; TS, tolerant species. C, carnivore; I, insectivore; O, omnivore. Bn, benthic
Figure 2. Differences in number of species and individuals between invaded reservoirs (RIv, dark bar) and noninvaded reservoirs (RNIv, white bar). A, Number of species. B, Number
of individuals.
Figure 3. Differences in endemic and exotic species individuals between invaded reservoirs (RIv, dark bar) and noninvaded reservoirs (RNIv, white bar). A, Proportion of Korean
endemic species individuals. B, Proportion of exotic species.
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nipponensis) among important native food ﬁsh species for
M. salmoides were recorded in noninvaded reservoirs than in
invaded reservoirs. Two important native carnivore spe-
ciesdSilurus asotus and Coreoperca herzidshowed lower relative
abundance at noninvaded reservoirs than in invaded reservoirs
with M. salmoides (Table 1, Figure 3A). M. salmoides was the most
widespread species (1216 individuals, three reservoirs), followed
by C. cuvieri (682 individuals, three reservoirs) and L. macrochirus
(219 individuals, one reservoir). According to this study, among the
nonnative species, the relative abundance of M. salmoides was the
highest, with an average of 57.7% (Figure 3B). The important exotic
ﬁsh species (L. macrochirus) showed higher relative abundance in
invaded reservoirs than in noninvaded reservoirs withM. salmoides
(Figure 4).Figure 4. Abundance of the total number of exotic species individuals in all ﬁsh (dark
bar) and of largemouth bass (Micropterus salmoides) in total number of exotic ﬁsh
individuals (white bar).Tolerance guilds, habitat guilds, and trophic compositions
The characteristics of ecological indicators were analyzed in
relation to the tolerance guilds, habitat guilds, and trophic com-
positions. According to the results of tolerance guild analysis be-
tween RNIv and RIv, the proportion of SS was signiﬁcantly high in
RNIv but TS dominated in RIv. The reason for the high abundance of
TS in RIv wasM. salmoides, which was divided as TS and dominantly
distributed (Figure 5A). Meanwhile, MsR (RNIv) showed a signiﬁ-
cantly different result to other noninvaded reservoirs (RNIv). If we
observe the results of the study (Karr 1981; US EPA 1991), it appears
that organic pollution and degradation of chemical water qualitymay decrease the proportion of SS but increase TS. Thus, the result
showing that there is a high proportion of TS in MsR, a hyper-
eutrophic reservoir (Han et al 2009), may reﬂect its eutrophic
condition. The relative abundance of SS decreased whereas TS
increased in invaded reservoirs (RNIv).
The present study tested the prediction derived from previous
studies that the presence of exotic ﬁsh decreases some native
Figure 5. Comparisons of tolerant guilds and trophic compositions between noninvaded reservoirs (RNIv) and invaded reservoirs (RIv). A, Tolerant guilds (IS, intermediate species;
SS, sensitive species; TS, tolerant species). B, Trophic compositions (C, carnivore; I, insectivore; O, omnivore).
Figure 6. Comparisons of habitat guilds (Bn, benthic species; Wc, water-column spe-
cies) between noninvaded reservoirs (RNIv) and invaded reservoirs (RIv).
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results imply that the increase in the relative abundance of
M. salmoides might affect the tolerance characteristics of other
native ﬁsh populations.
According to the results of trophic guilds analysis between RNIv
and RIv, the proportion of insectivores (I) was signiﬁcantly high in
RNIv, but carnivores (C) dominated in RIv. The reason for the high
abundance of carnivores in RIv was M. salmoides, which were
divided as a carnivore and dominantly distributed (Figure 5B).
Meanwhile, MsR (RNIv) and YgR (RIv) showed signiﬁcantly different
results compared with others. Based on the results of the study
(Karr 1981; US EPA 1991), it appears that organic pollution and
degradation of chemical water quality may decrease the proportion
of insectivores but increase the omnivorous species. Thus, the result
showing that there is a high proportion of omnivores in MsR, a
hypereutrophic reservoir (Han et al 2009), may reﬂect its eutrophic
condition. However, YgR, which is a hypereutrophic (Trophic State
Index [TSI]¼ 78.5) reservoir likeMsR, showed signiﬁcantly different
results to MsR. The abundance of omnivores decreased whereas the
abundance of insectivores increased in YgR. These results were
attributed to the relative abundance of bluegill (L. macrochirus), also
considered as an insectivore, similar to M. salmoides.
Following the analysis of preferred habitat according to the
presence or absence of M. salmoides (Figure 6), at RNIv (where
M. salmoides is not present), ﬁsh species that live on water-column
species (Wc) have an appearance rate of about 83%, whereas ﬁsh
species that live on the ﬂoor of the reservoir (Benthic species; Bn)
appeared at a much lower rate of only 5%, which is considered to be
attributable to the low occurrence rate of benthic species among
the ﬁsh collected at these locations. By contrast, at BgR, where
M. salmoides is present, aqueous species were not present and
benthic species appeared at a high rate of 95%, whereas at GpR and
YgR and benthic species appeared at a rate of about 27% and 46%,
respectively, showing the result of predation effectda higher
appearance rate of aqueous species at RNIv compared to RIv, a
characteristic of M. salmoides alimentation at the surface layer or
middle layer of the water column.
Relations of M. salmoides to length distribution of other ﬁsh
In the aquatic ecosystemwhereM. salmoides is the top predator,
feed that matches the gape size indicates strong predatory ten-
dencies of indiscriminate feeding (Werner et al 1977; Kim and Park
2002; NIER 2011). To investigate if, according to the form of pop-
ulation, there are any differences between other TL distribution, we
analyzed the point-by-point measurement of ﬁsh, which results in
a total of seven groups of length, of which at 100 mm the existenceofM. salmoides produces a signiﬁcant difference (Figure 7A). At RNIv
the full length of 100e149mm corresponding to the 100mm group
showed a rate of 65% of all ﬁsh (Figure 8A), whereas at RIv the
appearance of ﬁsh with TL from 150 mm to 199 mm of the 150-mm
group was as high as 35% (Figure 7B). At one side, from the
appearance of ﬁsh at RIv, with the exception of bluegill the results of
distribution analysis for other ﬁsh populations shows us that
occurrence of populations other than the 100-mm groups at RNIv
has a similar pattern of distribution, Through these results, it is
believed that the range of ﬁsh from the 100 mm group (100e
149 mm) can be a more vulnerable prey forM. salmoides compared
to the rest, and it is judged that in the future more accurate sci-
entiﬁc studies of the relation between body depth andM. salmoides’
gape size are necessary.Characteristics of biomass of ﬁsh population in accordance ﬁsh
biomass between RNIv and RIv
When we compared the dominant high rate of M. salmoides
between noninvaded reservoirs (RNIv) and invaded reservoirs (RIv),
the number of species, number of individual ﬁsh, and the length
distribution of the population of ﬁsh communities showed differ-
ences veriﬁed in the Results section. In this regard, to inspect what
kind of differences were found in total biomass of ﬁsh collected in
each location, these were analyzed through measurements from
point to point of biomass (Figure 8). Results of the analysis of
Figure 7. Difference in total-length size distribution of other ﬁsh species excluding largemouth bass. A, RNIv (reservoirs not invaded byM. salmoides) and RIv (reservoirs invaded by
M. salmoides). B, Other ﬁsh species (dark bar) and bluegill (white bar).
Figure 8. Difference in total biomass of other ﬁsh species excluding largemouth bass
between noninvaded reservoirs (RNIv) and invaded reservoirs (RIv).
Figure 9. Difference of various community indexes (d, species richness, J0 , evenness;
H0 , species diversity; l, dominance) between noninvaded reservoirs (RNIv) and invaded
reservoirs (RIv).
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whether or not M. salmoides is present, and according to the rise
from a state of poor nutrition to a state of rich nutrition the total
biomass of ﬁsh population showed a trend of increase in total
biomass. On one side, the result from the comparison showed an
average biomass of 8 kg at RIv, whereas at RNIv the average biomass
was about 39 kg, showing us that in lakes whereM. salmoides is not
present the biomass was about 5 times higher. This goes to show
that the presence of top predators such as M. salmoides not only
reduces the size of ﬁsh populations, but can also inﬂuence the
harmony and feeding of other individual ﬁsh, and we believe that
there is a need for additional research on the inﬂuence of top
predators on other ﬁsh’s feeding activities, behavior, and pop-
ulations for more reliable results.
Community structures in relation to M. salmoides
To analyze what kind of inﬂuence is exerted on the character-
istics of ﬁsh community structure where M. salmoides inhabits, a
separate analysis of the community structure was performed for
each reservoir (Figure 9). In accordance with the community index
of ﬁsh in each location, the presence of M. salmoides has a sub-
stantial effect on the community structure. From the analyzed
community indexes, the species abundance index (d) and speciesdiversity index (H0) at RNIv were 1.55 and 1.23, respectively, whereas
at RIv they were 0.91 and 0.99, respectively, indicating that the
dominance of M. salmoides directly affects the abundance and di-
versity of species in a community. The uniformity species compo-
sition in a community is represented by the evenness index (J0), and
the predominant distribution of a species is represented by the
predominance index (l). Based on the analysis, there was no sub-
stantial difference between RNIv and RIv, and it was observed that
the reason for this is because, at RNIv, where M. salmoides is not
present, there was a great predominance of Z. koreanus, P. parva,
and H. eigenmanni. As presented in the analysis of community
structure, excluding the evenness and predominance indexes, the
species abundance and diversity indexes are lower at RIv because of
the presence of M. salmoides, which disturbs aquatic ecosystems.Discussion
As presented in this study, limited to the space of the lake
ecosystem, the presence of M. salmoides affects the community
structure, food chain processes, and ﬁsh populations. However,
these variations are affected by a variety of factors, such as
M. salmoides population density, elapsed time after its introduction,
JH Han et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 403e411410the density of prey in the water column, and body depth distribu-
tion characteristics of the prey species. Furthermore, analysis of
changes in the community structure, calculation of diffusion speed
ofM. salmoides density, and continuousmonitoring in the future for
the effects of hydraulic and hydrological factors or changes in
species distribution caused by annual and seasonal water level
changes, ﬂow ﬂuctuations and others are necessary. As presented in
this study, through a survey of neighboring residents at BgR 10
years ago, roughly 15 species of ﬁshwere present, and today, during
the phases of this study only three species were founddwhose
populations also plummeted because of serious destruction by
foreign species. Therefore, it is considered urgent that the Korean
Ministry of Environment and local government units should take
steps to promote the conservation of biological diversity in the
country to minimize the disturbance of the aquatic ecosystem by
efﬁciently removing M. salmoides populations and establishing
management plans. Since lake systems are more closed eco-struc-
tures than rivers the harm done by the largemouth bass ﬁsh in
reducing the native species population is more serious. In conclu-
sion, when developing models for lake ecosystem health assess-
ments, national lakes conditions are considered, and metrics to
assess the impact of invasive species such asM. salmoides should be
developed for accurate evaluations.Conﬂict of interest
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